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TECHNICAL ASPECTS
OF DIVING
INANTARCTICA
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Abstract

Diving in Antarctica presents the diver with
problemsrelated to the extreme environment, logistical and
medical support, physiological stress, physical discomfort
and danger. This paper describes the peculiar technical
difficulties encountered by diving in such an environment
and the ways in which equipment and diving procedures
need to be modified in order to ensure the success of the
program and minimise risk.
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Introduction

Australian National Antarctic Research Expeditions
(ANARE) have undertaken diving programs in Antarctica
over aperiod of many years. The programs have collected
scientific data on human physiology, marine biology and
ecology. Antarcticaisoneof the coldest continentson earth
and requiresdiversto undertake special training and modify
their usual equipment and diving protocols. The logistical
problems of an Antarctic diving program are extensive and
as much a challenge to the diver as the environment itself.

The environment

Most ANARE diving programs have been undertaken
at Davis Station, Antarctica. Davis(68°35'S, 77°58'E) isa
permanently occupied Australian research station and is
situated on the edge of the Vestfold Hills, Princess
Elizabeth Land, 4,700 km across the Southern Ocean from
Perth. The hills are of moderate relief and are penetrated
by many deep fjords which extend inland to the ice plateau.

Theweather at Davisisrelatively mild. The Vestfold
Hills are interposed between the station and the ice plateau
and this land mass breaks up the catabatic winds and
modifies the local climate. Consequently, Davis enjoys a
low average wind speed of 20 km/hr and clear, still days.
The mean temperature ranges from 0°C in summer to -18°C
in winter. The continent is very dry with only 5-12 cm of
precipitation per year and has a low level of humidity.
Daylight hours vary from O hours per day in the winter to
24 hours per day during the summer.
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The ambient temperature has the most influence on
sea and ice conditions. The sea begins to freeze in March
after the short summer season. Fast seariceis present from
March/April until December/January and may extend
several hundred kilometres off-shore and reach a thickness
of 1.4 to 2.0 m in the late winter.** Increasing
temperatures, winds and ocean swells cause thisfast ice to
“breakout” inthe spring although it may remaininthefjords
for much longer.

Salinity depresses the freezing point of seawater to
approximately -1.8°C and after the fast ice has formed the
seaisrelatively insulated from the winter extremes above.
Consequently, water temperature varies little, from 0°C
to -2.0°C throughout the year.*¢ Diving visibility is
excellent and typicaly greater than 100 m.3® |t is at its
maximum during winter and spring when the fast ice cover
reduces turbulence and sediment suspension and low light
intensities depress phytoplankton (algal) growth. Light
under the ice may be limited at certain times of the year by
short hours of daylight, the low angle of incident light and
ice thickness. Algal bloom may first appear in September
and may greetly decrease visibility from December
onwards.?®

The seas around Davis are prone to the usua ocean
currents and tides. These are modified by fast ice cover
which nullifies the effects of wind and minimises tidal
fluctuations. However, the sea remains a dynamic force
beneath the ice and dangerous currents may be present
especially near the estuariesand narrow inlets of somefjords.

Dangers

Environmental hazards above the ice present major
difficultiesin Antarctic diving. Hypothermia may be seen
among divers, attendants and support staff as a result of
exposure to low temperatures, wind and wet clothing.*
Frostbiteis not uncommon and resultsfrom freezing of water
within skin cells following intense, cold-induced
vasocongtriction. It affectsthe exposed areas especially the
cheeks, ears, nose and fingertips.

Hypothermia may also be a problem below the
waterline.** Sullivan and Vrana: demonstrated a slowly
progressive central hypothermia in Antarctic divers. This
hypothermiais likely to be a major cause of physiological
depletion in divers and motor and mental deterioration may
affect their performance, comfort and safety.>* Peripheral
hypothermia results in digital discomfort, facial pain and
the loss of peri-oral muscle contral if the face is directly
exposed to water. Continued underwater exposure results
in localised cooling with the hands and feet exhibiting the
most rapid rate of heat loss. These cool rapidly because
they have the greatest skin surface areato massratio, little
subcutaneous fat and relatively little insulation to allow
dexterity.?
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Ultraviolet (UV) radiation may be intense in
Antarctica. The spatial and temporal variation of
stratospheric ozone above Antarctica is of regiona and
global significance to the amount of UV radiation that
reaches the ground.” Divers and their attendants are at
particular risk from UV injury because of their exposure to
direct radiation and that reflected from ice, snow and the
water. Protection of the skin from sunburn and the eyes
from snow-blindness is of great importance, particularly
during the long hours of sunshine in the summer.

Marine animals are potentially dangerous to
Antarctic divers? The Leopard sedl isafour metre, toothy,
aggressive predator which feedsonkrill, penguinsand other
seals. There have been no reported incidents of these
animalsinjuring divers but harassment has occurred which
necessitated the abandonment of the dive. ANARE diving
regulations forbid diving activity within 400 m of a
Leopard seal .2 Non-breeding male Elephant seals* haul out”
at Davisinsummer. They areapproximately 3.5 minlength,
although may reach six metres and 3-4 tonnes in full fat
when fully grown. There is a documented incident of an
Elephant seal biting a diver on the shoulder and it is
recommended that great care be taken if diving in the
vicinity of breeding males in violent rut. An underwater
encounter could be most embarrassing! Killer whales have
areputation as being ruthless and ferociouskillerswho feed
on seals, walrus and penguins. Their exact threat to
humans is uncertain and they should be considered as an
unpredictable and potentially serious hazard.

Antarctic diving, especially under-ice, has its own
peculiar dangers. Solo diving is often undertaken with a
fully-suited “buddy” waiting at the surface. This
arrangement ensures at least one diver free from
hypothermiaand exhaustion at any onetime. Asfew divers
are availableit also avoids the need for multiple dives thus
minimising therisk of decompression sickness(DCYS). Tides
and currents may cause difficulties as in any marine
environment and may even cause diver entrapment by
moving icefloesor closing up tide cracksin theice through
which the diver entered. Under-ice gloom may contribute
to diver disorientation and claustrophobia but should be
avoided with the use of adequate illumination.

Antarctic divers are at risk of dysbaric and non-
dysbaric diving illnesses as well as illnesses unrelated to
diving.t Divers are potentially more at risk from DCSin
Antarctica. Thewater isvery cold, and often dark, and the
underwater work is made even heavier by the use of
cumbersome suits.® Diver exhaustion is a potential
problem and may result from hypothermia, heavy
underwater work, cumbersome suits, the demands of the
diving program and insomnia during the long hours of
summer daylight.

Communications are particularly important in
Antarctic diving programs. The interpersonal

SPUMS Journal Vol 27 No.2 June 1997

communications of those in the diving team must be good
with an adequate designation of personal responsibilities
and responsible leadership. Communication between the
dive team in the “field” and Davis Station needs to be fail
safe in the case of emergency. Radio schedules, spare
radios and batteries are prerequisites.

Equipment

The recreational scuba regulator is prone to
malfunction in Antarctic diving conditions.?®* The usual
cause is ice crystal formation within the regulator
mechanism which resultsin jamming or “freezeup”. There
are several factors which may precipitate first stage freeze-
up. Firstly, adiabatic (without loss or gain of heat)
expansion of air from the scuba cylinder results in cooling
of the air as it expands from high to low pressure. This
causes moisture in the air or water in the regulator
mechanism to freeze. Secondly, the delivery of wet air to
theregulator from the cylinder makesfreeze up morelikely.
This is not usually a problem in Antarctica as the air
delivered into the compressor isusualy very dry. Thirdly,
as modern first stages are metallic and very compact, they
may become supercooled in the very cold atmosphere even
before the first breath is drawn. This problem may be
overcome by keeping the regulator in the relatively warm
diving shelter until immediately before the dive. Ice
crystals once generated may plug orifices or interfere with
the movement of first stage components. Fortunately, first
stage freeze up nearly always causes malfunction in an open
or free-flow position.2®

Second stage freeze-up is caused by moisture in the
exhaled breath or water in the chamber forming ice around
the demand lever. It is more likely to occur if the second
stage is purged or alowed to free flow, conditions which
rapidly decrease the regulator temperature. Unlike the first
stage, second stage freeze up may result in no air getting to
the diver. It is recommended that regulators be dried
completely after the post-dive rinse and that no water be
allowed to enter the second stage before immersion.

|ceformation on the external surfacesof thefirst and
second stage assembliesisalso possible. Usualy iceforms
around the large first stage spring which is surrounded by
water in most regulators. This results in jamming of the
spring with loss of depth compensation, restricted
breathing or free-flow. Free-flow produces an increase in
intermediate air pressurewhich in turn may cause free-flow
of the down-stream second stage demand valve and second
stage freeze up. ANARE uses the Sherwood Magnum
Blizzard regulator which has been specifically designed for
under-ice diving. This regulator has compressed air
surrounding the first stage main spring which provides a
form of insulation and reducesthe incidence of freezeupin
thisassembly.? Other cold water regulators areinsul ated by
50% glycerol surrounding the first stage.®
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The likelihood of regulator freeze up may be
minimised by avoiding rapid flows of air from the scuba
cylinder. Lengthy purging or inflation of the buoyancy
compensator (BC) or dry suit, free-flow and the use of the
octopus assembly is avoided where possible. Water must
not be allowed to enter the regulator between dives and its
exposure to extreme cold prior to use is discouraged.
Inhalation from the regulator should be avoided until it is
well below the water surface and gentle exhalation whilst
descending through the surface layer of ice slush is
recommended.? Thisavoidstheuse of the supercooled stages
in the very cold atmosphere. The attachment of a small
“pony” cylinder to the main scuba cylinder is highly
recommended. Thissmall unit hasits own regulator and is
a completely separate air supply which may be utilised in
the event of main regulator freeze up.

A bank of large cylinders may be used to provide a
surface air supply with air being delivered viaan umbilical
hose. This hasthe advantage of eliminating the scubafirst
stage, providesavery large reservoir of air and an effective
safety line to the diver. These air banks have the
disadvantage of being extremely heavy and require either
helicopter or sled transport.

The Kirby-Morgan helmet, or “band mask”, is a
device which encloses the diver’s entire face and has been
used extensively on ANARE expeditions. It has the
advantage of incorporating the second stage into the
relatively warm air within the mask, preventsvery cold water
from contacting the face and allows the diver to
communicate with the surface by an intercom system.
However, the helmet is cumbersome and time-consuming
to don, provides substantial water drag, restricts head
movements and requires a considerable amount of
familiarisation training.

Communication with surface attendants is essential
in under-ice diving especidly if the diver is diving alone.
In this situation there can be no immediate reliance upon a
buddy diver in the event of emergency. All under-icedivers
must be attached to alife-line. The diving attendant should
hold the life-line reasonably taut at all times and should be
ableto communicate with the diver through a predetermined
sequence of tugs.? Thelife-linealso alowsthediver tofind
the entrance hole and the rescue diver to find the diver, if
necessary. The wires of the Kirby-Morgan helmet
intercom system run with the life-line. Thisintercom isan
ideal system but, like many thingsin Antarctica, isproneto
malfunction.

Ten mm wet suits are sufficient but cumbersomein
Antarctic conditions. The dry suit has become popular as,
when worn with the appropriate underwear, it provides
excellent insulation from cold and wind and avoidsthe cold
discomfort of changing out of a wet suit. The Poseidon
Unisuit, used on ANARE expeditions, is built from closed
cell foam neoprene with nylon lining both sides and is
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donned through an access sealed by a waterproof zipper.
The suit is inflated by an inlet valve connected to the
diver’sair supply and exhausted by a second valve adjacent
to the diver’s shoulder. Thus, two valve manipulation
alows for complete buoyancy control.

Drysuits, because they use air as insulation, require
more weight to get the wearer below the surface and have
more buoyancy problems than wet suits. It is essential to
have training in how to dive wearing a dry suit in order to
learn how to control the problems of shifting air inside the
suit. One techniqueisto use abuoyancy compensator (BC)
for buoyancy control and only add sufficient air to the dry
suit to fill the underwear at the surface.

If adry suitisworn an additional BC istheoretically
unnecessary. However, some divers elect to wear aBC and
dry suit. The BC may then be used for al buoyancy control
or as aback up in the event of dry suit failure.

In the last seven years dry suits have gone from
being raritiesin Australiato being almost the standard suit
in southern waters. The situation in April 1996 is that the
majority of divers undertaking dives over 30 m arewearing
drysuits. In the Scottish Sub-Aqua Club Survey in 1995
83% of the respondents dived in dry suits in conditions
similar to those in Tasmania and Victoria® The deciding
factor isthe vast improvement over the wet suit in keeping
the diver warm. Without the misery of incipient
hypothermiathe diver can concentrate on enjoying the dive
and isin abetter state to cope with emergencies.

Thedry suit has several disadvantages. Donning the
suit can be time-consuming and hard work although thisis
minimised if detergent is used to lubricate the tight seals at
the neck and wrists. The suits are bulky, cause
considerable water drag and may exhaust the diver if
considerable swimming is required. Dangerous over-
inflation of the suit may be caused by inflation or exhaust
valve freeze up or malfunction and may requirethe diver to
vent excess air through a wrist seal. As with regulators,
supercooling of suit valves prior to the dive and prolonged
use of the inflation valve predisposes to valve freeze up.
Thigh and ankle weights are often required to maintain the
diver in the head-up position and to prevent air migration to
the foot areaif diver becomes head-down. If sufficient air
does migrate to the foot area the diver may rapidly become
inverted and his fins “pop” off. With or without fins, the
diver may not be able to right himself and may lose
buoyancy control as suit air migrates away from the
exhaust valve. The dry suit must be sized correctly. This
will limit the volume of air in the event of over inflation,
avoid “suit squeeze” from folds of excess suit material and
popping of the finsif the suit legs are too long. While air
has been used traditionally for dry suit inflation, the use of
argon gasto significantly reduce heat loss during adive has
been recommended.®
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A magjor disadvantage is that if the suit is damaged
and water gets in thermal protection islost and, unless the
diver is using a buoyancy compensator, the diver rapidly
becomes negatively buoyant.

Hot water suits, which allow hot water from the
surface to flow over the diver’'s bodies, are an efficient
method of keeping divers warm. They are used in similar
temperaturesin deep water off shorein the oil industry, but
have not been used in ANARE diving because of the
logistic problems involved with transporting the heaters.

Pollock® has reported the use of dive computersin
Antarctica. He examined the use of the Beauchat Aladin
and Orca Edge models and found that primary computer
functions operated normally despite marked shortening of
battery life.

Diving gloves require modifications for cold water
conditions. Ideally, a neoprene mitten glove is worn to
allow the fingers to warm each other. However, this
arrangement causes loss of dexterity and most gloves are a
compromise with separate compartmentsfor the thumb and
index finger. The addition of hot water into the gloves
immediately prior to the dive prolongs the time before
digital discomfort ensues.?

Emergency equipment must be adeguate and well
maintained. First-aid equipment and oxygen must be
available at the dive site and a recompression facility is
advisable on station. ANARE transports a recompression
chamber to Davis for each diving program although the
logistics of transport and the time involved in training and
commissioning of this chamber are considerable.

Logistics

Each member of the diving team must be
psychologically and physicaly fit, and skilled and trained
in special ice-diving techniques. The divers must have
considerable experiencein deep diving, penetration diving,
diving in circumstances of poor visihility, night diving and
must be skilled in first-aid and rescue techniques.? ANARE
runsadiver training coursein Australiaand Antarcticawhich
familiarisesdiverswith the equipment and techniqueswhich
will be used.

Equipment assembly, maintenance and transport to
Antarcticaisaexhaustive process. Attention must be given
to the adequacy of spare parts and contingency plans
devised in the event of unforeseen circumstances. In
Antarctica an equipment storage and maintenance facility
needs to be established in awarm and convenient location
with easy accessto transport, washing and air compression
facilities.
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Dive site selection and camp movement may be
undertaken by helicopter or over-ice vehicles. Helicopters
are usually used during the summer when over-ice
transport may be limited by melting and cracking of the
searice. Camp facilities include a fibreglass “apple”’ hut,
tents, heating and cooking equipment, radio gear, rescue
equipment, bedding, spare clothing as well as the diving
equipment. Food and fuel for several daysis carried in the
event of ablizzard and isolation in the “field”.

Conclusion

The dangers, difficulties and frustrations of diving
in Antarctica are considerable. For every hour spent
underwater there are hundreds of hours of planning,
preparation and training. The technical aspects of thistype
of diving differ in many respects from diving in temperate
or tropical waters and are directly related to the
environmental temperatures. Most of the difficulties
encountered usually involve maintenance or mal function of
the specialised equipment which needsto be used. Despite
the cold and wet, the isolation and the sacrifices involved,
Antarctic diving providesunparalleled experiencesfor those
who make the effort.
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PAIN PERCEPTION DURING SCUBA DIVING

Karsten Kroener
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Introduction

It is acommon experience during scuba diving that
small injurieslike scrapesand cutsfrom sharp stones, shells
or wrecks seem to be unnoticed until after thedive. It seems
that the threshold for painishigher during scubadiving than
it is when on land. We have no explanation for this
phenomenon, and to be absolutely honest, we do not even
know if it istrue. A study was therefore designed to find
out if this experience is real and to explore different
explanations for this phenomenon.

It is know that nitrogen is a narcotic gas, and as the
content of nitrogen isincreased in the tissues during diving,
this could offer a possible explanation. Another fact is that
nerve conduction from the nociceptorsin peripheral tissues
islowered by cooling of thetissues.1-3 Cooling of the skin
might thus be an explanation of an increased pain
threshold. Another explanation might be that during adive
oneis concentrating and ignores pain.

Pain physiology

In 1979, the International Association for the Study
of Pain defined pain as an individual experience of a
potential or an actual tissue damage, unpleasant sensory
experience, or experienced as such.
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Thisisavery broad definition. Indaily lifewe often
use a very simple classification such as acute or chronic
pain. Thisdoesnot work very well inthe orthopaedic clinic,
so in our clinic and in research, we use another classifica-
tion.

Nociceptive painisan acute pain which is caused by
damage to tissues, either actua or potential damage. This
isatype of pain one experiences when one cuts or bruises
oneself and when one breaks aleg.

Neurogenic painiscaused by aprior damageto one’'s
neural tissues and gives rise to phantom limb pain,
trigeminal neuralgias, reflex sympathetic dystrophies and
so on.

Another group is the chronic pains. Chronic pain
syndromes, such as chronic low back pain etc., are a very
difficult group to treat.

Finally there is psychogenic pain, a group of pain
syndromes associated with psychic disturbances.

When a painful stimulus is applied to peripheral
tissues a number of nociceptors are engaged (mecano-
receptors, thermo-receptors or chemo-receptors) and
impulses are conducted along two types of nerves to the
posterior horns of the medulla. First through thick
myelinated fibres which give avery sharp and distinct pain
and later by thin nerve fibres, without myelin, which givea
duller and more lasting pain. This conduction can be
modulated by other non-painful sensory input, the so-called
gate control.

When one damages the nociceptorsin the periphery
there is also an inflammatory reaction with an outflow of
vasoactive agents, such as histamine, prostaglandins etc.

The pain impulses are conducted through the
posterior columns of the medulla to the brain where they
enter different pain centres. Most importantly, one in the
cortex which isresponsiblefor thelocalisation of pain. But
also in the cortex there is a descending pain inhibition
centre from which signals are sent down to the spinal cord
to further filter pain signals. Others centres are in the
limbic system, responsiblefor the emotional reaction to pain,
the basal ganglia which are responsible for the tremor or
dizziness which are seen in pain and the hypothalamus,
responsible for the discomfort and nausea which often
occurs with pain.

M ethods

In order to measure pain levelsand thresholds we, at
the Danish Pain Research Centre, normally use an electronic
pressure algometer. This electronic device measures pain



